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Abstract
Recently some hidden inconsistencies in high energy physics and
cosmology have been articulated by several scholars. If we follow the
usual description we get an unacceptably high cosmological constant
as was noticed by Weinberg and others some decades ago. In this
paper we point out that this is because of our continued description
in terms of the Planck scale. While this works for gravitation, we
have to consider a phase transition from the earlier Quantum Foam
to the Compton scale that describes electromagnetism, and resolves
the various problems.
1 Introduction
Recently Professor Harry Cliff of Cambridge University and LHC Geneva has
expressed his apprehension that physics is reaching a dead end [1]. This is
because of the un-acceptedly high cosmological constant contradicting obser-
vation. We would like to make a case that these contradictions arise because
we stick to the Planck scale. We will see how this scale leads to the real life
Compton scale.
In 1997 the standard big bang cosmology had been sewed up. The universe
was decelerating, helped along by dark matter, which comprised most of the
universe. That year the author put forward an alternative model, in which
driven by what later came to be called Dark Energy, the universe would
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be accelerating, though with a small cosmological constant [2, 3]. This was
observed the very next year, in 1998, by S. Perlmutter, B. Schmidt and A.
Riess [4].
In fact Anthony Leggett went on to say, ”... It is of course clear that your
equation predicts an exponential (inflation-type) expansion of the current
universe, hence acceleration. And it would have been nice if the Nobel com-
mittee had mentioned this, ...” and ”... I certainly do appreciate that you are
one of the very few to have recognized, on theoretical grounds, the possible
need to reintroduce a nonzero cosmological constant ahead of the supernova
experiment!” [5]. He was referring to the fact that the so called Dark Energy
had been considered earlier but lead to the so called cosmological constant
problem: so large would be cosmological constant, that the universe would
blow up almost as soon as it was formed [6].
In fact this form of Dark Energy, namely the well known Zero Point Field had
been considered almost a hundred years ago by Walter Nernst who hypothe-
sized that particles would be created out of the vast pool of Dark Energy [7].
However the ideas did not lead to any fruitful conclusion. The whole point
is that the Dark Energy or Zero Point Field considered by Nernst, Zeldovich
and others differed subtly from that considered by the author in 1997. We
will investigate this point now and it would lead to some interesting con-
sequences such as providing a unified description of gravitation and other
interactions.
2 The“New” Dark Energy
To put it in a nutshell the important difference between the two Dark Ener-
gies is that the older variety was at the Planck scale, whereas the 1997 model
operated at the Compton scale.
To understand this we first observe that the Planck length is the minimum
length in the universe– it describes a black hole of Planck mass, 10−5gms,
which forms an universe in itself as pointed out by Rosen [8]. It is at the
junction of Classical Theory and Quantum Theory. A rough way to see this
is:
2Gm
c2
∼
h¯
mc
(1)
The left side is the radius of a Classical black hole while the right side is the
Compton length, both these for the mass m ∼ 10−5. In fact to begin with
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the universe would be, what Wheeler called the Quantum Foam, an ocean
of Planck sized masses created presumably by the Big Bang [9]. We will
now see that such a conglomoration will lead by a phase transition to the
Compton scale.
3 The Phase Transition
We start with space points x in this Quantum Foam which in the above sense
represent Planck black holes. Let us first define a complete set of base states
by the subscript ı and U(t2, t1) the time elapse operator that denotes the
passage of time between instants t1 and t2, t2 greater than t1. We denote by,
Cı(t) ≡< ı|ψ(t) >, the amplitude for the state |ψ(t) > to be in the state |ı >
at time t, and [10, 11]
< ı|U |j >≡ Uıj , Uıj(t+∆t, t) ≡ δıj −
ı
h¯
Hıj(t)∆t.
We can now deduce from the super position of states principle that,
Cı(t−∆t)− Cı(t+∆t) =
∑
j
[
δıj −
ı
h¯
Hıj(t)
]
Cı(t) (2)
where the matrix Hıj(t) is identified with the Hamiltonian operator.
Equation (2) leads in the limit to
ıh¯
∂ψ
∂t
=
−h¯2
2m′
∂2ψ
∂x2
+
∫
ψ∗(x′)ψ(x)ψ(x′)U(x′)dx′, (3)
In the above U(x′) = 1 forx′ in a δ interval, a small interval around this point
and = 0 outside. The equation (3) is a generalization of a two state equation
made famous by Feynman a long time ago (Cf.refs.[12, 11, 13]).
We remember that considering the continuum,
H(x, x′) =< ψ(x)|ψ(x′) >
In (3), ψ(x) is the probability amplitude of a particle or point of the Quantum
foam being at the point x and the integral is over a small δ region. It is easy
to see that (3) leads to the Landau-Ginsburg equation [14]
−
h¯2
2m
∇2ψ + β|ψ|2ψ = −αψ (4)
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where we have generalized to the three dimensional case. The similarity of
(3) with (4) need not be surprising considering also that near critical points,
due to universality, diverse phenomena like magnetism or fluids share similar
mathematical equations. Equation (3) was shown to lead to the Schro¨dinger
equation with the particle acquiring a mass (Cf.also ref.[15]). In the Landau-
Ginsburg case there is a coherence length which is given by
ξ =
hνF
∆
(5)
where ∆ is the energy mc2 where m is the mass of the particle in the δ in-
terval and νF is c. We can easily show that in this case the coherence length
reduces to the Compton wavelength, remembering that νF is c in our case
[15, 16].
It may be mentioned that Beck and Meckay [17] also reached a similar con-
clusion via the Landau-Ginsburg transition, though it is not clear what their
threshold of 1.7Tz represents. Moreover, Wigner and Salecker [18] demon-
strated that from the point of view of a measurement, anything within the
Compton scale is unphysical. On the other hand the phase transition to the
Compton scale leads to the scale of electromagnetism. Whereas, the Planck
scale is associated with gravitation. We will see this now.
4 Gravitation
Cercignani [19] had used Quantum oscillations, though just before the dark
energy era – these were the usual earlier Zero Point oscillations. Invoking
gravitation, what he proved was, in his own words, ”Because of the equiva-
lence of mass and energy, we can estimate that this (i.e. chaotic oscillations)
will occur when the former will be of the order of
G[h¯ω)c−2]2[ω−1c]−1 = Gh¯2ω3c−5, (6)
where G is the constant of gravitational attraction and we have used as
distance the wavelength. This must be less than the typical electromagnetic
energy h¯ω. Hence ω must be less than
(Gh¯)−1/2 · c5/2 (7)
which gives a gravitational cut off for the frequency in the zero-point energy.”
In other words he deduced that there has to be a maximum frequency of
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oscillators given by
Gh¯ω2max = c
5 (8)
for the very existence of coherent oscillations (and so a coherent universe).
We would like to point out that if we use the above in equation (8) we get
the well known relation
Gm2P ≈ h¯c (9)
which shows that at the Planck scale the gravitational and electromagnetic
strengths are of the same order. This is not surprising because it was the
very basis of Cercignani’s derivation – if indeed the gravitational energy is
greater than that given in (9), that is greater than the electromagnetic en-
ergy, then the Zero Point oscillators, would become chaotic and incoherent –
there would be no physics.
However all this refers to a classical description because we are working here,
at the Planck scale. In fact (8) and (9) can be alternatively deduced, consid-
ering these Planck oscillations as phonons (Cf.ref.[13]). So the picture that
emerges is the following. Till frequencies with a cut off at the Planck length,
a classical description of the Zero Point energy is valid. This is the domain
of gravitation. Beyond that up to the Compton scale we have a Quantum
Mechanical description and this leads to electromagnetism and other inter-
actions. In any case, its the Zero Point Field or Dark Energy all the way.
Remark
We finally make the following remark: The Landau-Ginzburg
equation (4) comes from the Lagrangian
LGL = L0 + a|ψ|
2 +
b
2
|ψ|4 +
1
2m
|
h¯
i
∇− eAψ|2 +
B2
2µ0
(10)
So if we now construct the Lagrangian
LU = α(t)LGL + β(t)LSM (11)
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where α(t) and β(t) are suitable coefficients, and LSM is stan-
dard model Lagrangian, then we can see that (11) is a La-
grangian for all the four interactions in the light of the above and
because the standard model Lagrangian gives the other three in-
teractions. This is an approach towards grand unification.
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